Two samples (leaves and twigs) of Abies alba Miller from Corsica were extracted using supercritical CO 2 and their chemical compositions were compared with those of the essential oils obtained from the same batch of plant material. In total 45 components were identified using combined analysis by GC (RI), GC-MS and 13 C NMR. It was observed that the contents of monoterpenes (mainly represented by limonene, α-pinene and camphene) were significantly lower in the supercritical fluid extract (SFE) than in the essential oil (EO). Conversely, the proportions of sesquiterpenes were much higher in CO 2 extracts than in essential oils (around 30% vs 4%). Cis-abienol, a diterpene alcohol, was identified only in SFE, and the proportions of this constituent (7.5% and 17.3%) were determined using quantitative 13 C NMR since it was under estimated using the standard conditions of GC.
The silver fir (Abies alba Miller, family Pinaceae) is widely distributed in many European mountain forests (for example in France, Germany and Poland). In Corsica, the south-western limit of its area of distribution, it constitutes pure fir forests as well as mixed forests with other conifers, particularly Pinus nigra ssp. laricio [1] . Twigs of A. alba produce by either vapour or water distillation an essential oil (EO) whose chemical composition is well documented. Most of the studies concerned plants from the centre and south of Europe (Poland [2] , Germany [3] , Austria [4] , France [5] , Montenegro [6] , Serbia [7] and Greece [8] ). All the investigated samples were characterised by the predominence of limonene (34-55%, Germany [3] , Austria [4] , France [5] , Greece [8] ), or β-pinene (20-33%, Montenegro [6] , Serbia [7] ). Other important components were camphene (15-17%) [4, 6, 7] , α-pinene (11-17%) [5] [6] [7] and bornyl acetate (9-14%) [6, 7] .
Recently, we analysed 53 oil samples from twigs of A. alba collected in all the Corsican forests where the tree is growing wild [9] . The results were submitted to chemometric analysis (K-mean's clustering and Principal Component Analysis) and two groups were distinguished within the oil samples depending on the content of limonene [9] .
Extraction by means of carbon dioxide, in the supercritical state, is a good technique for the production of flavors and fragrances from vegetable matter. The extensive use of compressed carbon dioxide to extract either volatiles or aroma substances destined for human nutrition and for the pharmaceutical industry is due to its chemical and physical properties. It is safe, non-toxic, non-combustible, inexpensive and its critical temperature and pressure are not high (31.06 °C; 7.38 MPa) [10] . The aim of the present work was to determine the yield and the chemical composition of the supercritical fluid extract (SFE) of twigs of A. alba and to compare them with those of the essential oil obtained by hydrodistillation of the same batch material.
Two samples, each belonging to a cluster previously defined [9] , were submitted to supercritical CO 2 extraction and hydrodistillation and their chemical compositions were compared ( Order of elution from apolar column (BP-1). The percentages are those obtained from the apolar column corrected after quantification of cis-abienol using 13 samples were analyzed by GC, in combination with retention indices, GC-MS and 13 C NMR spectroscopy. As previously reported [9] , qualitative analysis of both EO was easily achieved by combination of GC (RI), GC-MS and 13 C NMR and quantitative analysis was performed by GC (FID). Conversely, in the SFE, GC-MS and 13 C NMR revealed the occurrence of cisabienol, a diterpene alcohol, bearing the labdane skeleton (Figure 1) . The quantitative determination of that alcohol was more accurately achieved using 13 C NMR spectroscopy.
Quantitative determination of cis-abienol by 13 C NMR spectroscopy. Concerning cis-abienol, we observed a bad correlation between the mean intensity of the carbon signals of this compound in both 13 C NMR spectra and the percentages measured by GC, the content of the compound being substantially under estimated. In order to overcome this problem, we carried out a quantitative determination of cis-abienol using 13 C NMR spectroscopy. Quantification of cisabienol in the SFE was achieved using standard quantitative conditions with respect to a fixed amount of diglyme chosen as internal standard. The pulse sequence in the inverse gated decoupling technique used a pulse angle of 90° and a total recycling time (T R ) of 20s, corresponding to 5 x T 1 of the longest T 1 of the protonated carbons of cis-abienol and of diglyme. Using this experimental procedure, the content of cis-abienol in SFE was estimated at 17.3% and 7.5%, respectively, instead of 12.5% and 5.3% evaluated by GC.
Composition of the SFE of Abies alba and comparison with EO.
Individual components of the SFE and EO of A. alba, their retention indices on two columns of different polarities, their relative percentages and the mode of identification are reported in Table 1 .
Taking into account the quantitative determination of cis-abienol by 13 C NMR, the percentages of the other constituents of the SFE, measured by GC (FID), were modified applying a correcting factor of 0.875 and 0.947 for SFE samples 1 and 2, respectively. The two essential oils exhibited quite different compositions; each sample belonged to one of the two groups previously defined [9] .
Indeed, in the first oil sample, the main constituent was limonene (43.5%) accompanied by α-pinene (18.0%) and camphene (13.7%), while the second oil sample contained various monoterpene hydrocarbons in appreciable amounts [camphene (15.7%), limonene (15.6%), β-phellandrene (14.4%), α-pinene (11.4%) and bornyl acetate (9.9%)]. ii) The proportions of the sesquiterpene hydrocarbons, such as α-longipinene, longifolene, (E)β-caryophyllene, and α-humulene varied from 1.3% to 6.3% in the two SFE, while they accounted for less than 1.5% in the EO. Moreover, 11 sesquiterpene hydrocarbons, belonging mainly to the selinane, cadinane and himachalane families, were found only in the SFE, with proportions ranging from 0.2% to 5.2%. Therefore, the identified sesquiterpenes accounted for 27.3% and 30.0% in the SFE of sample 1 and sample 2 vs 4.1% and 3.0% in the corresponding EO.
iii) Finally, cis-abienol ( Figure 1 ) was found only in the two SFE, in which it accounted for 17.3% and 7.5%.
Experimental

Plant material and extractions:
The twigs of Abies alba Mill. were collected from 2 trees in the forest of Aitone (Corsica) in July 2006. Hydrodistillation and supercritical CO 2 extraction were carried out from the same batches of air-dried material using a laboratory apparatus described in previous papers [9, 11, 12] . Hydrodistillation yielded 0.65% and 0.74% for samples 1 and 2, respectively, and supercritical CO 2 extraction yielded 0.30% for both samples. 13 C NMR analyses were performed as previously reported [9] . Quantitative determination of cis-abienol was carried out by 13 The longitudinal relaxation delays of the 13 C nuclei (T 1 values) were determined by the inversion-recovery method, using the standard sequence: 180°-τ-90°-D 1 , with a relaxation delay D 1 of 20s. Each delay of inversion (τ) was thus taken into account for the computation of the corresponding T 1 using the function I p =I 0 +p.e -τ/T1
Spectroscopic analysis: GC (FID), GC-MS and
Identification of components:
Identification of the individual components was based : (i) by comparison of their GC retention indices (RI) on polar and apolar columns, determined relative to the retention times of a series of n-alkanes with linear interpolation with those of authentic compounds or literature data [13] ; (ii) on computer matching against laboratory-made (Laboratoire CNP, University of Corsica) and commercial mass spectral libraries [14a-14c] and by comparison of spectra with literature data [13,15,16a] , and (iii) by 13 C NMR spectroscopy, following the methodology developed and computerised in our laboratories, using home-made software and spectral data library [16b,16c].
